Recent systematic studies of the tribe Plecotini have generated two alternative phylogenetic hierarchies: (Barbastella (Corynorhinus (Plecotus (ldionycteris Euderma»»; and (Eudenna [including Idionycteris] (Barbastella (Plecotus Corynorhinus»). To test these hypotheses we examined 44-45 morphological and 11 karyological characters of 10 plecotine species, including Otonycteris hemprichii. Character states for the hypothetical ancestor were inferred by evaluation of selected outgroup taxa: Rhogeessa tumida, Nycticeius humeralis, Eptesicus fuscus, Myotis lucifugus, M. ciliolabrum, and Miniopterus schreibersi. The most parsimonious trees, identical in topology but different in character-state optimization, were congruent with the systematic hierarchy of Plecotini suggested by the first hypothesis. Otonycteris branched off before Corynorhinus. These results strongly support separation of Corynorhinus as an independent genus and limitation of Plecotus to Palaearctic species. The two highly derived taxa, Idionycteris phyllotis and Euderma maculatum, seem to be sufficiently different from each other to be regarded as generically distinct. It is proposed that the tribe Plecotini originated in the eastern hemisphere.
The tribe Plecotini (Chiroptera: Vespertilionidae) is distributed throughout the Holarctic and consists of 11 or 12 species of mostly long-eared bats (Corbet and Hill, 1991, 1992; Koopman, 1993; Yoshiyuki, 1991) . Numerous systematic studies have evaluated phylogenetic affinities within the tribe at generic, subgeneric, and specific levels (e.g., Frost and Tirrun, 1992; Handley, 1959; Leniec et aI., 1987; Qumsiyeh and Bickham, 1993; Tumlison and Douglas, 1992; Williams et al., 1970); however, no consistent phylogeny has emerged. Handley (1959) first examined morphological relationships among plecotines and concluded that the genera Plecotus (including subgenera Plecotus, Corynorhinus, and Idionycteris) and Euderma shared a common ancestor after divergence from Barbastella in the Miocene. Based on karyological data, Williams et al. (1970) suggested the phylogeny (Barbastella «Euderma Idionycteris) (PlecOlUs Corynorhinus))). Leniec et a1. (1987) , also using karyological data, proposed that the tribe's only short-eared bats, genus Barbastella, are derived from the long-eared plecotines in the arrangement «Euderma Idionycteris) (Barbastella Plecotus Corynorhinus)).
Results from two of the most recent phylogenetic studies of the Plecotini indicate two quite different topologies. Tumlison and Douglas (1992) suggested the phylogeny (Barbastella (Corynorhinus (Plecotus (ldionycteris Euderma)))). However, Frost and Timm (1992) proposed the cladistic relationship of (Euderma [including Idionycteris] (Barbastella (Plecotus Corynorhinus))). This discrepancy might be due to the fact that Tumlison and Douglas (1992) used only morphological traits, and Frost and Timm (1992) included both morphological and karyological characters. As substantiation, one of the four alternate trees of Frost and Timm (1992) , based only on morpho-logical characters, is identical in topology to the tree of Tumlison and Douglas (1992) .
Published descriptions of karyotypes of the genera of Plecotini have been inconsistent. Several taxa were distinguished based on different chromosome banding qualities, and misinterpretations of the standard numbering system have been indicated (revised by Volleth and Heller, 1994a) . In addition, a study using G-banded chromosomes indicated that the large long-eared bat Otonycteris hemprichii is also a member of the tribe Plecotini, with Qumsiyeh and Bickham (1993) inferring the phylogeny «Eu-denna ldionycteris) (Otonycteris Barbastella Plecotus Corynorhinus)). The karyotype of Otonycteris shows an extensive similarity with karyotypes of Plecotus, Corynorhinus, and Barbastella (Qumsiyeh and Bickham, 1993; Zima et aI., 1992). Tumlison and Douglas (1992) , Qumsiyeh and Bickham (1993), and Bogdanowicz and Owen (1996) also have suggested that problems in the intepretations of some morphological characters from works such as Handley (1959) may have led to questionable conclusions. Phenetic results, based on cranial geometric morphometrics, indicated that Otonycteris was the most divergent species of the Plecotini (Bogdanowicz and Owen, 1996) and has undergone extensive adaptive changes (Horacek, 1991) .
Our objectives were to resolve the taxonomic status of ldionycteris and Corynorhinus, determine the validity of Otonycteris as a member of the tribe, and establish phylogenetic relationships of all genera and subgenera of plecotine bats. This research was accomplished by cladistic analysis of morphological and karyologicaJ characters.
MATERIALS AND METHODS
The ingroup was composed of 10 species representing the 6 genera (or subgenera) of the Plecotini (including Otonycteris; Appendix I). A hypothetical ancestor for the Plecotini was inferred from multiple outgroup analysis, and all character states were polarized using the outgroup comparison method of Maddison et a1. (1984) . Outgroups were chosen and arranged based on probable relationships among the ingroup and outgroups following the karyologyonly cladogram of the Vespertilionidae (Volleth and Heller, 1994b). In our study, they were fonned by the sister groups "Nycticeiini" (Nycticeius humeralis and Rhogeessa tumida) and Eptesicini (Eptesicus juscus), the tribe Myotini (Myotis lucifugus and M. ciliolabrum), and the subfamily Miniopterinae (Miniopterus schreibersi). Chromosome banding indicates that the Miniopterinae is the first subfamily to diverge from the common Vespertilionidae stem (Volleth and Heller, 1994b) . Nixon and Carpenter (1993) suggested that characters should not be polarized prior to an analysis, rather that polarity should be determined a posteriori through rooting the cladogram between ingroup and outgroup taxa. However, this is a reasonable procedure only when there is absolutely no uncertainty concerning the relationship of the ingroup to the putative outgroup taxa (i.e., certainty of ingroup monophyly). In many systematic analyses, including this one, there may be certainty concerning most taxa and uncertainty concerning a few putative ingroup or outgroup taxa. Using the method of Maddison et aI. (1984) , position of these taxa may be examined, particularly by using multiple character sets or subdividing characters being examined, as we have done.
Characters (ie., individual hypotheses oftaxic homology) were compiled from the literature and examination of zoological material. The 61 sldn, skull, and chromosomal characters for which primitive states could be inferred. were detennined for each species (Table 1, Appendix  II) . Five characters, however, were autapomorphic either for Idionycteris or Euderma. and one character (biarrned chromosome, arm combination 11114) presented an obvious synapomorphic feature of the tribe (Appendix II). Thus, these six characters were phylogenetically uninformative and were omitted from final analyses. Character states for polymorphic taxa (sensu Swofford, 1991) were intepreted as uncertain. Characters were not weighted. Because karyological data were taken from the literature and were not our direct observations, a second analysis was performed on a data matrix containing only morphological characters, which we scored directly.
Cladograms were constructed using the Ancestor 00000 00000 00000 00001 00000 00000 00001 00000 00000 00000 00000 0
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10110 01000 00000 00000 10001 00000 00010 00120 10100 10110 01100 0 , 1987) and enabled us to find characters with an ambiguous distribution on a tree. ACCTRAN (accelerated transfonnation) favors reversals over parallelisms; DELTRAN (delayed transfonnation) assumes that the opposite is more likely. Reliability of branches on the most parsimonious tree was estimated using a 1,000 iteration bootstrap analysis, i.e., the random sampling of N characters from the entire data set with replacement (Felsenstein, 1985) . Because bootstrap analyses perturbate the original data and consistency and retention indices are sensitive to higher numbers of states per character (Naylor and Kraus. 1995). the stability of the tree also was evaluated using a type of branchsupport index, specifically the number of additional steps (added tree length) needed to collapse a branch of the most-parsimonious tree (Bremer, 1994).
RESULTS
Unbracketed statistics refer to data analysis in which all character-state matches were regarded as additive (ordered). Bracketed results were derived from analyses in which multistate characters were treated as non-additive (unordered). There was no difference between the tree topology resulting from additive and nonadditive analyses, and the only departure from character congruence was in the placement of multistate characters 5, 6, 11, 33, and 39 (Appendix II). Character 5 was informative only under an assumption of additivity. Eight traits (1, 7, 8, 15 ,28,36,37, and 44) were dependent on character-optimization methodology employed (i.e., ACCTRAN or DELTRAN). These characters could not be placed unambiguously and therefore were not considered to be evidence of relationship.
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-Topology of the single-most parsimonious tree generated by the branch-and-hound algorithm, hypothesizing phylogenetic relationships among plecotines with and without (in brackets) the assumption of character additivity. Numbers above branches reflect the percentage of 1,000 bootstrap iterations in which each dade was detected. Branch-support values are given below branches. Numbers are arranged after the type of the data matrix used (entire, 1st and 3rd value, or morphologyonly, 2nd and 4th).
and posterior parapterygoid foramen anterior to hamulus (19) but with a reversal in the last two characters in Idionycteris and Eudenna, respectively. The two members of the genus Plecotus formed the sister group to the clade comprising monotypic genera Idionycteris and Euderma. These three genera shared at least four synapomorphies: greatest braincase breadth located anteriorly (2); zygomatic arch relatively thick and strong (10); shelf-like process on lateral wall of pterygoids (18); and a paddle-like tragus with a prominent constriction near the base (42). The sister-group relationship of the highly derived Idionycteris and Eudenna were indicated by at least four morphological (9, 13, 26, 32) A bootstrap analysis with 1,000 iterations also resulted in a single most-parsimonious tree identical to that found in the analysis of the entire data matrix (Fig. I) . A high degree of confidence can be placed, however, in only the intrageneric branching order. Intrageneric clades were detected in ~99% of the bootstrap iterations (Fig. 2) . Repeatability of intergeneric clades, except the clade comprising Euderma and Idionyc-teris (99-100%), was lower than the intrageneric clades and never exceeded 77% regardless of data matrices and character additivity. Bootstrap values agreed with results of branch-support analysis. All intrageneric branches of the most-parsimonious tree were well supported and at least four steps were needed to lose them in the consensus. In contrast, intergeneric branches required a minimum of two, and usually up to four, additional steps (but up to 21 steps for the clade comprised of Euderma and Idionycteris) to be collapsed (Fig. 2) . In general, both methods showed better branch support or higher branch repeatability for morphology-only matrices than for the entire data set. Similar generalizations about character additivity favored ordered over unordered characters (Fig. 2) . The tree suggested by Frost and Timm (1992) fared particularly poorly, requiring 8-9 steps more under the assumption of additivity and 7-8 steps more without this assumption, being ca. 10% longer than our most parsimonious cladogram. For this group of bats, this is not surprising because morphological data appear to be at variance with karyological evidence (Qumsiyeh and Bickham, 1993). This conclusion also is supported by a bootstrap analysis (Fig. 2) . The number of times out of 1,000 iterations that each clade was detected is much higher in the case of the morphology-only data matrix than with the most parsimonious topology based on the entire data set. In addition, ancestral character states in Frost and Timm's (1992) analyses were inferred from examination of an outgroup represented by several species of only one genus, Myotis. This approach excludes any chance to detect characters possibly derived in all Myotis taxa (cf. Tumlison and Douglas, 1992 (1983) . Although the decision ultimately is arbitrary, we concur with Thmlison and Douglas (1992) that these two highly derived taxa are sufficiently different from each other to be regarded as generically distinct (Fig. 1) . This is especially evident when our data are coupled with bacular (e.g., Hill and Harrison, 1987; Nader and Hoffmeister, 1983) and additional chromosomal information (Qumsiyeh and Bickham, 1993). In fact, all the plecotine genera, including ldionycteris, are characterized by distinctive bacular morphology (Nader and Hoffmeister, 1983; Strelkov, 1989; Wassif and Madkour, 1972). The baculum of Idionycteris is two to three times as long as those of Barbastella and Euderma (N. 1. Czaplewski, in litt.).
Based on phylogenetic evidence (Fig. 1) , the tribe probably originated in the eastern Hemisphere. The plecotine taxa that are the most basally positioned in our cladograms (B. barbastellus, B. leucomelas, and O. hemprichii) are known from northern Africa, Europe, and a-large part of Asia (Corbet and Hill, 1992; Gharaibeh and Qum'iyeh, 1995; Koopman, 1993; Rydell and Bogdanowicz, 1997). If our hypothesized topology is correct, it also would suggest that North America was invaded by a plecotine bat at least twice, probably first by Corynorhinus and then later by a more Plecotus-like ancestor of the highly derived Eudermalldionycteris clade. Current geographic distributions of these genera and dates and distributions of fossil collections may indicate distinct immigration routes into both eastern (Corynorhinus) and western (Eudermalldionycteris ancestor) North America. Present data are not sufficient to speculate further concerning place of origin, time of emergence, or probable colonization routes of these bats. Assuming the specific validity of P. taivanus and P. te-nerijfae, the following should be recognized as the appropriate and current taxonomic arrangement for plecotine bats: Associate Editor was Janet K. Braun.
ApPENDIX I

Specimens Examined
Specimens examined are arranged by species and country. Museum acronyms are defined in the Acknowledgments. Numbers in parentheses after the species name indicate the number of males and females examined, respectively. Preparations of specimens examined were as follows: skin and skull (s/sk); skin and skeleton (s/sb); alcoholic and skull (aVsk); alcoholic only (al); skin only (s); skull only (sk); skeleton only (sb), Corynorhinus mexicanus (10, 12)-Mexico: lTU 25367 (s/sk), 37939 (s/sk), 57065 (sb), KU deep, doming prevents skull from lying flat while on dorsal surface (Ff-2).
5. Sagittal crest: (0) well defined; (1) reduced to a hump: (2) absent (TD-I8). We follow Throlison and Douglas (1992) with their "present" and "absent" conditions, but we also introduced an additional intermediate state (state 1 here). The linear character transfonnation was hypothesized to be (0 --t 1 --t 2). This character is informative only under an assumption of additivity. 6 . Rostrum: (0) flattened, with median concavity; (1) 10. Fragility of zygomatic arch: (0) relatively thin and fragile; (1) relatively thick and strong
